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GEOLOGY AND ORE DEPOSITS OF THE ALEGRIA DISTRICT,
MINAS GERAIS, BRAZIL

By Cuarres H. MAXWELL

ABSTRACT

A thick sequence of metamorphosed Precambrian sedimentary
iron-formations containing local concentrations of high-grade
hematite occurs in the Quadrildtero Ferrifero (Iron Quadri-
lateral) of central Minas Gerais, Brazil, within an area of about
7,000 square kilometers. The iron-formations form parts of three
sedimentary series, separated by angular unconformities. The
oldest is the Rio das Velhas Series, divided into three groups,
from oldest to youngest: Nova Lima Group, composed of schist,
phyllite, graywacke, quartzite, and iron-formation; Maquiné
Group, composed predominantly of quartzite and subgraywacke ;
Tamanduié Group, composed of the massive crossbedded Cam-
botas Quartzite and a younger sequence of phyllite and iron-
formation. The middle series, the Minas Series, also comprises
three groups : Caraca Group, composed of sericitic quartzite and
graphitic schist; Itabira Group, which contains most of the eco-
nomic iron-ore deposits in the region, composed of oxide-facies
iron-formation and dolomite; Piracicaba Group, containing
interbedded phyllite and quartzite, with subordinate iron-
formation, dolomite, graywacke, and volcanic rocks. The young-
est series, the Itacolomi Series, is composed of a basal sequence
of lenticular and rapidly changing conglomerates, quartzites,
phyllites, and ferruginous beds, overlain by thick massive cross-
bedded quartzite.

Some of the metasedimentary rocks are intruded by and (or)
interlayered with a thick sequence of greenstones, now altered
mostly to chlorite, tale, and serpentine. These rocks have been
intruded by peridotites and mafic dikes, and metamorphosed,
deformed, and faulted and so altered that their equivalent age
or correlation with other rocks is open to question.

The metasedimentary rocks were deformed by at least three
major orogenies and intruded by granite, granodiorite, and
mafie and ultramafic rocks during all three. A fourth orogeny
did not involve large-scale intrusions.

The metamorphic rocks are in general in the greenschist
facies, biotite isograd. The grade of metamorphism inereases
toward the east to the amphibolite facies. Locally, higher grade
may be due to contact thermal metamorphism, which has pro-
duced rocks containing garnet, staurolite, andalusite, tourma-
line, kyanite, and amphiboles. The arenaceous rocks—quartzite
and quartz-rich phyllites—have a cataclastic texture. The argil-
laceous rocks are mainly medium- to coarse-grained quartz-
sericite-chlorite phyllite or schist. The carbonate rocks are dolo-
mite, with quartz, chlorite, muscovite, tale, hematite, and mag-
netite. The ferruginous sediments have been metamorphosed to
itabirite and allied types.

An extensive peneplain was formed over the region in
Mesozoic or early Cenozoic time. Uplift and erosion virtually
destroyed the old peneplain, to produce the present torographic
features. The major streams and some tributaries are ante-
cedent; most tributaries are subsequent and consequent.
Remnants of several old levels of erosion and terraces show that
uplift has been intermittent.

Deep weathering has altered most of the surface rocks to a
considerable depth, producing saprolite and laterite ard locally
canga (limonite-cemented detritus). In some areas, alumina-,
iron-, and manganese-rich concentrations were formed. Alluvial
deposits occur along most streams and on a few perched
terraces. Most of them have been worked for gold.

Beonomic or potentially economic mineral deposits in the
Alegria district are iron ores, manganese ores, and baurite.

The iron ores are of three major types: (1) Ifabirite, in many
places weathered, hydrated, and softened to a depth of 20 meters
or more; easily concentrated to ore grade, (2) hematite ores
composed of hard and compact to soft pulverulent netrly pure
iron oxide, and (3) canga, surficial deposits of iron-ore frag-
ments cemented by limonite. With minor exceptions all the iron
ore is associated with the Itabira Group of the Minas Saries.

The itabirite formation ranges in thickness from 10 meters to
more than 1,200 meters. The average grade is estimated to be
about 45 percent iron in the unweathered rock and 50-€0 percent
iron in the weathered zone. The minerals are hematite, specula-
rite, and quartz, with subordinate magnetite, hydrous oxides of
iron, dolomite, and amphiboles.

High-grade (66-70 percent iron) hematite masses range from
a few tons to many millions of tons and occur as replacement
deposits in the itabirite. The hematite deposits range from a
hard dense generally fine grained massive hematite to coarse-
or fine-grained pulverulent specularite.

Canga deposits were formed by the mechanical concentration
of chapinha (little plates) from the itabirite and from rubble
ores from the hematite, cemented into a coherent rock by limo-
nite. Canga was also formed by the leaching of gangue minerals
from the rock and replacement and cementation by lironite.

Reserves and potential reserves of iron ore in the Alegria
district are tremendous. Reserves of itabirite are inferred to be
more than 100 billion tons ; of enriched itabirite and canga, more
than 30 billion tons; and of hematite, more than 70 million tons.
Proved and indicated reserves of hematite containing rore than
66 percent iron are about 50 million tons. Thus far, only a few
thousand tons has been produced.
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Manganese deposits are widespread and occur in many dif-
ferent types of rock. The large economic deposits are restricted
to layers within the iron-formation. The principal deposits are
concentrations of pyrolusite with minor manganite, in favorable
zones in the Itabira Group. Areas explored sufficiently to give
a third dimension have shown the layers to be concordant. The
layers range in thickness from about 1 meter to more than 6
meters and are composed both of syngenetic and secondary man-
ganese oxides. Total production from the one operating mine in
the district has been about 25,000 tons.

Proved reserves of manganese are more than 1 million tons,
indicated reserves are about 3 million tons, and inferred reserves
are more than 20 million tons; average grade is about 40 percent
manganese. More deposits are likely to be discovered in other
areas as exploration continues.

Many deposits of bauxite have been found, and more are likely
to be discovered. Most deposits are near-surface concentrations
in laterite overlying dolomitic rocks and covered by canga or
ferrnginous laterite. Only two areas have been explored ; bauxite
from one is being used as flux for the steel mills. Total produe-
tion has been only a few thousand tons having an average grade
of more than 40 percent available alumina. Proved reserves at
the Frazenddo deposit are 100,000 tons; inferred reserves are
about 500,000 tons. Total inferred reserves for the district are
1 million tons, but the potential may be several times this figure.

A small amount of placer gold is still being extracted along
major streams, although most deposits have apparently been
exhausted. Reserves of gold-bearing rock are large, but the
grade is variable and ore bodies are intermittent and discon-
tinuous. The gold is found in the iron-formation and in the pre-
Minas quartzites and phyllites, generally in small stringers and
veins of quartz and sulfides. The grade ranges from a few grams
to about 16 grams per ton.

Other mineral commodities that have been produced include
quartz cerystal, amethyst, dolomite, tale, soapstone, asbestos, and
ocher.

INTRODUCTION

The principal iron deposits of Brazil occur within an
area of about 7,000 sq km (square kilometers) in south-
central Minas Gerais, near the southern end of the Serra
do Espinhaco (Backbone Range), in the central high-
lands of Brazil. The Serra do Espinhago is a complex
system of individual mountain ranges more than 1,000
km (kilometers) long which divides the drainage of
the Rio Doce and other rivers flowing eastward directly
to the Atlantic Ocean from the Rio Sfo Francisco drain-
age, which flows northward for some 1,200 km before
breaching the Serra do Espinhago and turning east-
ward to the ocean. The Quadrilitero Ferrifero (Iron
quadrilateral) lies near the headwaters of the Rio S#o
Francisco and the Rio Doce, at altitudes ranging from
600 to 2,100 meters (1,900-6,300 ft). The area described
in this report comprises three quadrangles, the Cap-
anema, Santa Rita Durfio, and Catas Altas, at the east-
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ern edge of the Quadrildtero Ferrifero (fg. 1). The
name “Alegria district” will be used to designate the
area enclosed by the three quadrangles.

Several published works (Harder and Chamberlin,
1915; Harder, 1914a, b; and others) have d=scribed the
“Alegria iron deposits” near Fazenda Alegria (fig. 1)
as one of the world’s major deposits of iron ore. They
contain more than 50 billion tons of iron ore with a
tenor of more than 40 percent all above topographic
base level.

LOCATION AND ACCESSIBILITY

The Capanema, Santa Rita Durio, and Catas Altas
quadrangles lie in the eastern part of the Quadrilitero
Ferrifero, about 350 km north of Rio de Jan-iro (fig. 1).
The Capanema quadrangle (pl. 1), the most westerly, is
approximately 40 km southeast of Belo Horizonte, the
capital of Minas Gerais; the Santa Rita Durio quad-
rangle (pl. 2) joins the Capanema quadrengle on the
east; and the Catas Altas quadrangle (pl. 3) joins the
Santa Rita Durfo quadrangle on the north. All three
meet at lat 20°7730°” S., long 43°30’ W. They occupy
an area of approximately 540 sq km (210 sq mi).

The three quadrangles were accessible in 1961 only by
dry-season one-lane roads and by several mule trails.
The western part of the Capanema quadrangle may be
reached from the all-weather Itabirito-Ouro Preto
Highway by a narrow dry-weather road that runs
northeast from a point 6 km southeast of Ittbirito. This
road forks near the western edge of the Capanema quad-
rangle; one branch ends at Fazenda Capanema, the
other at Fazenda Ajuda, in the southwest corner of the
quadrangle. Cia. Sidertirgica Belgo-Mireira, which
owns most of the land in the vicinity of Fazenda
Alegria, has built an access road from near Fazenda
Ajuda across the Serra Geral to the manganese and iron
mines at Conta Histéria and to Fazenda Alegria. This
road connects with other roads to the villages of Santa
Rita Durio and Catas Altas.

The southeast corner of the Capanema quadrangle
and most of the Santa Rita Durfio and Catas Altas
quadrangles are accessible by truck trails extending
from a dry-season road between Mariana and Santa
Barbara. A new all-weather highway has been con-
structed from Santa Birbara to Ponte Nova. The high
mountains in the southwestern part of the Catas Altas
quadrangle are accessible by a dry-season road from
Bario de Cocais to the Colégio do Caraca. With the
rapid expansion and development of the district and

the consequent improvement of access and transporta-
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The two major vegetation zones probably arise from
differences in climate between the west and east sides
of the divide. The divide acts as a partial barrier to
moisture-laden air coming from the southeast and east.
During parts of the spring and fall, the western side
is in a rain shadow. During the rest of the year, except
for part of the driest months, the dew, ground fog, low
clouds, and light showers are much heavier east of the
divide than west. The high precipitation rates for Ouro
Preto and Alegria are indications of this difference.

The Zona do Campo is, in general, savannah. “Campo
Cerrado” is a region of grasslands thickly to sparsely
covered by small tortuous trees more or less widely
spaced and with low brush (1-2 meters high). These
grasslands provide good forage country for cattle. This
type of vegetation is typical of the southwest corner of
the Capanema quadrangle. The higher parts of the
Campo do Rocha around Fazenda Capanema also have
this type of vegetation.

At altitudes above 900-1,000 meters, a different type
of vegetation appears, mostly grass and low brush, but
with thick groups of trees along the watercourses; it
is called “Campo Limpo” (“clean grasslands”). In
areas above 1,800 meters the vegetation is reminiscent of
alpine vegetation. Many dwarf plants grow very close
to the ground, rarely more than 30 cm (1 ft) high, and
sphagnum blanket bogs form in moist low areas. All
the higher areas of the Alegria district have this type
of vegetation.

The Zona do Mato is designated by type of vegeta-
tion as tropical forest or selva or even tropical rain for-
est locally; it is characterized by large trees, mostly
deciduous, with many epiphytes, aerophytes, and vines
and almost no surface vegetation—grass and bushes.

This type of forest once covered most of the Santa
Rita Durdo quadrangle and the eastern and northern
part of the Catas Altas quadrangle. Descriptions of this
area, written soon after the first colonization in the
early 18th century, indicate that most, if not all of it,
was dense forest. A few patches of virgin forest are
preserved in inaccessible places on the south side of the
Serra do Caraca, but timbering and charcoal manufac-
ture have seriously depleted much of the forest cover
over most of the area. The inhabitants customarily burn
the brush and grasslands annually, with the result that
second growth forest has not spread over much of the
area.

The low rolling hills of the granitic terrane east of
the Serra do Caraca are now a mottled patchwork of
grasslands, thick low brush, forest, and occasional
patches of cultivated land.
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TOPOGRAPHY

The Alegria district lies on the east side of the Serra
Geral at the headwaters of the Rio Piracicaba drainage.
Only the southwest corner of the Capanema quadr-ngle,
south and west of the Serra Geral (fig. 8), drairs into
the Rio das Velhas, a major tributary of the Rio Sao
Francisco. The northern part of the quadrangle drains
generally northward into Rio da Conceigdo, a triltary
of the Rio Santa Barbara, which is, in turn, a major
tributary of the Rio Piracicaba. The remainder of the
Capanema quadrangle and all but the northern torder
of the Santa Rita Durdo quadrangle are drained by the
headwaters of the Rio Piracicaba and the Rio Gurlaxo,
major tributaries of the Rio Doce. All streams of the
Catas Altas quadrangle drain northward into tho Rio
da Concei¢do and the Rio Santa Barbara and eastward
into'the Rio Piracicaba.

The Capanema, Santa Rita Durdo, and Catas Altas
quadrangles are centered around the highest mountain
range of the Quadrildtero Ferrifero, the Serra c'o Ca-
raga. The maximum relief in the Alegria district is 1,422
meters (4,262 ft)-—from 651 meters (2,112 ft) alti-
tude near the southeast corner of the Santa Rita Durao
quadrangle to 2,072 meters (6,734 ft) at Pico do Sol in
the Serra do Caraca, in the southwestern part of the
Catas Altas quadrangle. In the north-central part of the
Santa Rita Durao quadrangle, the relief is more than
1,200 meters within a horizontal distance of 1,000
meters.

The Alegria district is sharply divided into s»veral
types of terrain controlled largely by the lithology of
the underlying rocks. The eastern part of the district is
underlain by granitic rocks and consists of low rolling
hills with an average relief of only about 60 meters.
Hill and ridgetops are generally flat and have a thick
lateritic soil cover. The river valleys are relatively
broad and flat with large incised meanders, and serpen-
tine meanders inside the large ones.

Rising abruptly out of this lowland is a spectacular
mass of quartzite, the Serra do Caraca. The relief along
the scarp ranges from 800 to 1,200 meters. The moun-
tain is flattened on top and to the west descends abruptly
about 500 meters to the Caraca basin. This basin is a
fairly level bowl-shaped hanging valley in the certer of
the quartzite mountains (fig. 2). The ridges and peaks
to the west of the basin rise more gradually to a summit
level of about 1,800 meters altitude. Between these peaks
and ridges and the Serra Geral, to the west, is a deeply
incised basin, the Campo do Rocha, at about the same
level as the Caraca basin. The Campo do Rocha srea is
underlain by quartzite, phyllite, and schist. West of the
Serra Geral the land surface again descends abrptly,
then gradually, on quartzite and phyllite to about 1,100
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meters, where it changes abruptly into rolling hills and
sharply dissected valleys, cut into schist and phyllite.

North and south of the Serra do Caraca, and still
west of the granitic terrain, are areas of moderate to
steep topography in bedded rocks: schist, phyllite,
quartzite, and itabirite. A narrow band of hogbacks,
which would be a conspicuous part of the topography
but for the overshadowing bulk of the Serra do Caraca,
follows closely around the eastern base of the Serra.
The hogbacks consist of itabirite and quartzite, and are
separated from the Serra do Caraca by a belt of green-
stone. On the south side of the Serra do Caraca and
along the east side of the Serra Geral are steeply
rounded but locally deeply dissected hills of itabirite
(figs. 28, 80).

GEOMORPHOLOGY

The erosional history of the area is complex ; several
stages of rejuvenation are recorded by ancient erosion
surfaces. The age proposed by various authors for the
primary peneplanation ranges from Precambrian
through Paleozoic and Mesozoic to Cenozoic. Figure 3
shows the approximate extent of the recognizable ero-
sion surfaces in the Alegria district. The oldest recog-
nizable surface in the Quadrildtero Ferrifero is pre-
served only on the top of the Serra do Caraca. It may
also be present along the crest of the Serra do Cipo to
the north of the Quadrildtero Ferrifero. This old
surface is at about 1,900 meters altitude and may repre-
sent a Mesozoic peneplanation, or monadnocks on a
lower surface. This surface is not shown in figure 3 but
is found between the easternmost areas of surface 1.

Erosion surface I is evident at an altitude of 1,800
meters. Many of the ridges of the Serra do Caraga at
about this altitude are flat topped and covered with
thick pockets of soil, thick gravel beds, and many dis-
located blocks of rock. The Serra do Batatal is a good
example of this surface (fig. 5).

The most prominent of the old erosion surfaces occurs
between altitudes of 1,350 and 1,550 meters. (fig. 3,
II). This surface is undulating and slopes away from
the Serra do Caraca in all directions. It is well formed
over most of the higher mountains in the Quadrilatero
Ferrifero. The present basic drainage pattern was
probably imposed on this surface, without later signifi-
cant changes. Many of the rivers follow deeply incised
meanders, which in places are completely independent
of the structure and lithology of the underlying rocks.

This old surface is well preserved in the Caraca basin,
at Campo do Rocha, Alto do Conta Histéria (fig. 89),
and on “shoulders” along the southwest flank of the
Serra Geral (fig. 3). The tops of some of the flat-topped
ridges in the Campo do Rocha area are covered by

thick layers of rounded and subrounded gravel and
coarse sand interlayered with clay; some ridges have
been excavated and washed for gold. Also in the Campo
do Rocha area, stream meanders are incised to depths of
200-300 meters, with no apparent structural or litho-
logical control. At Capanema (Capanema quad., N.
300, E. 350) a ridgetop is covered with coarse angular
rubble of quartzite, similar to talus. Cosrse angular
gravels occur on the tops of many of the ridges in the
Caraca basin. The Alto do Conta Histéria (fig. 39) is
capped by a thick relatively level layer of canga which
is at approximately the same level as the gravel beds.
Canga is a Brazilian term for a breccia or conglomerate
composed largely of fragments of hematite or iron-
formation cemented by limonite or hematite. See dis-
cussion on page J28.

At several localities along the river valleys, terraces
have formed at an altitude of about 1,000-1,100 meters
(fig. 8, III). South of Fazenda Alegria a dissected
plateau slopes gradually from 1,100 meters near the
mountains to 1,000 meters near Santa Rita Durao. There
is no good evidence of old soil or gravel deposits at this
level, but it seems likely that this represents an inter-
ruption in the erosion cycle.

East and north of Santa Rita Durdo is an extensive
canga-capped mesa at about 900 meters (fig. 3, IV).
This mesa is the remnant of an extensive Tertiary basin
of deposition. The caprock varies from canga and canga
rica (more than 66 percent Fe) near the mountains,
where it overlies the iron-formation, to ctnga on the
western part of the mesa, to limonite-cemented con-
glomerate near the eastern boundary of the quadrangle,
to indurated laterite near Fonseca (fig. 13). The rocks
underlying all but the westernmost part of the mesa are
poorly indurated coarse- to fine-grained silty sandstone,
siltstone, and mudstone, with some thin beds of lignite
and sublignite. These rocks have been named the Fon-
seca Formation. (See p. J27.) They reprasent an ex-
tensive period of Pliocene-age deposition in an area
otherwise marked by a long history of erosion. Several
terraces at the same level in the Santa Rita Durao and
Catas Altas quadrangles are probably related to this
interruption in the cycle of erosion. The lower level
south of Santa Rita Durfo is a dissectec mesa with
thinner canga and conglomerate, but prol=bly repre-
sents a remnant of the same Tertiary rocks.

Many terraces are at about 750 meters al‘itude along
the streams in the southeast corner of the Santa Rita
Durfo quadrangle. The terrace gravels have been worked
for gold. Near Catas Altas this old level is extensive
and well formed (fig. 3, V) and is perched from 20 to
40 meters above the present stream profiles.
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PREVIOUS GEOLOGIC INVESTIGATIONS

The geology of the iron region of Minas Gerais has
been studied for many years. One of the first reports was
by von Eschwege (1833). Some geologic descriptions
were included in the many geographic reports published
in the next 50 years. In the 1880’s, O. A. Derby began
publishing a series of modern geologic reports. At about
the same time, Henri Gorceix also published a paper on
the geology of Minas Gerais. In 1900 and 1902, H. K.
Scott reported on the iron and manganese of Minas
Gerais. In 1911, and for several years afterward, a group
of geologists, including E. C. Harder, R. T. Chamber-
lin, and C. K. Leith, actively investigated the mineral
deposits and regional geology of Minas Gerais, and es-
pecially of the Quadrilatero Ferrifero (Harder, 1914a,
b; Harder and Chamberlin, 1915; Leith and Harder,
1911). Since the 1920’s, many Brazilian geologists have
published maps and reports on the Quadrilitero Ferri-
fero, among them: Andrade (1926), Guimardes (1931,
1935, 1951, 1958), Moraes Rego (1933), Lacourt (1936,
1938a, b), Oliveira and Leonardos (1943), Barbosa
(1949, 1954), and Oliveira (1956).

The most comprehensive reports on the general geol-
ogy and mineral resources of the Quadrilatero Ferrifero
were by Harder and Chamberlin (1915) and von Frey-
berg (1927,1932,1934). A more modern review was pre-
pared for the 12th Annual Congress of the Sociedade
Brasileira de Geologia by members of the joint U.S.
Geological Survey-Departamento Nacional da Pro-
dugo Mineral team in 1958 (Departamento Nacional da
Producao Mineral, 1960).

Published references on the geology of the Alegria
district are few, generally brief, and mostly restricted
to mineral deposits or to specific properties. Information
specifically on the Alegria district appears in reports by
Harder and Chamberlin (1915), Lacourt (1938a, b,
structure and stratigraphy in the southern part of the
district) , Moraes Rego (1933, general geology and iron
ore), Oliveira (1945, hematite and gold deposits), Biichi
(1961, an excellent report on the geology and ore de-
posits of part of the district). Several private reports
have contributed useful information to the project, in-
cluding reports from the files of the Brazilian Iron and
Steel Co., the J. C. Hammond Co., and Cia Sidertrgica
Belgo-Mineira.

This paper is one of a series covering the geology of
the Quadrilitero Ferrifero. The published studies
(Guild, 1957 ; Gair, 1962 ; Johnson, 1962 ; Dorr and Bar-
bosa, 1963 ; Pomerene, 1964; Wallace, 1965, Simmons,
1968; Moore, 1969) and the unpublished maps and
manuscripts have provided a background for the present
investigation.

OF PARTS OF MINAS GERAIS, BRAZIL

PRESENT INVESTIGATIONS

Fieldwork in the Alegria district began in September
1956 and continued through August 1960. Three 714-
minute quadrangles were mapped on aerial photographs
in the field and compiled at a scale of 1:20,000 for pub-
lication at 1:25,000. The data were transferred to topo-
graphic base maps compiled from the same photographs
by the multiplex method. The photographs and topo-
graphic base maps were prepared by Servicos Aerofo-
grametricos Cruzeiro do Sul S. A. The location of the
three quadrangles making up the Alegria district is
shown in figure 1. Geologic maps of the quedrangles are
plates 1-3; cross sections and fence diagrams are plates
4-6.

A coordinate grid system of 1,000-meter interval is
used in all quadrangles for locating specific localities
that are not named on the maps. The zero point is at the
sonthwest corner of each quadrangle; small tick marks
at 1,000-meter intervals extend east along the north and
south boundaries and north along the erst and west
boundaries.

This work is part of a program of topographic and
geologic mapping that was undertaken through a coop-
erative agreement between the United States of Brazil
and the United States of America. The program was im-
plemented by the Brazilian Ministério da Agricultura,
succeeded by the Ministério de Energia e Minas, and
the U.S. Department of State, through the Agency for
International Development and predecessor organiza-
tions. The work has been carried out by the Brazilian
Departamento Nacional de Produciio Mineral (DNPM),
Divisio do Fomento da Producio Miner~l (DFPM),
and the U.S. Geological Survey, Department of the
Interior.
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REGIONAL SETTING
STRATIGRAPHY

The metasedimentary rocks of the Quadrilitero
Ferrifero have been divided into three series, each sepa-
rated from the other by a major unconformity. Many
subdivisions and correlations of these rocks have been
made; representative divisions are listed in figure 4,
where they are correlated with the divisions used in this
report.

The oldest metasedimentary rocks in the Quadrilitero
Ferrifero have been named the Rio das Velhas Series
(Dorr and others, 1957, p. 15-22). The series has been
divided into three groups: the Nova Lima, the Maquiné,
and the Tamandu4.

The Nova Lima Group is composed of metasedi-
mentary and metavolcanic schists and phyllites with
locally interlayered iron-formation, conglomerate,
schistose quartzite, and carbonate rock (Gair, 1962;
Dorr and others, 1957, p. 15). It is unconformably over-
lain by the Maquiné Group. The Maquiné Group is
divided into two formations: the Palmital Formation
(O'Rourke, written commun., 1958), composed of
quartz-sericite schist or phyllite with some interbedded
sericitic quartzite, and the Casa Forte Formation (Gair,
1962), made up of conglomerate, massive quartzite, and
sericitic and chloritic quartzite with some interbedded
schist and phyllite.

The Tamandud Group (Simmons and Maxwell, 1961)
unconformably overlies both the Nova Lima Group and
the Maquiné Group. It is composed principally of coarse
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arkose, conglomerate, and quartzite, with minor
amounts of phyllite, schist, and dolomit'c iron-
formation.

A major orogeny and an extensive erosion period fol-
lowed deposition of the Rio das Velhas Series. This
produced an angular unconformity between it and the
overlying Minas Series in many areas (Rynearson and
others, 1954).

The Minas Series is divided into three groups:
Caraca, Itabira, and Piracicaba. The Caraga Group
(Dorr and others, 1957, p. 24) is composed of con-
glomerate, grit, quartzite, phyllitic quartzite, phyllite,
and argillite. It includes some of the rocks that Harder
and Chamberlin (1915) called Caracd Quartzite and
also their Batatal Schist, now called the Batetal For-
mation (Maxwell, 1958, p. 60). The coarser clastic rocks
are now called the Moeda Formation (Wallace, 1958,
p. 59).

The Itabira Group (Dorr and others, 1957) consists
of iron-formation and dolomitic and calcareou~ marble
and is divided into the Caué Itabirite and the Gandarela
Formation.

The Piracicaba Group (Departamento Nacional
Produciio Mineral, 1960) is composed of a thi~k series
of quartzites, ferruginous quartzites, phyllites, gra-
phitic phyllites, marble, and iron-formation. It has been
divided into five formations: Cercadinho, Fécho do
Funil, Tabodes, Barreiro, and Sabari.

Unconformably overlying the Minas Series is the
Ttacolomi Series, composed of quartzites, conglc merates,
grits, and phyllites. In this report the Itacolori Series
is divided into the Santo Ant6nio Formation, below,
and undivided Itacolomi quartzites, dolomi‘es, and
conglomerates, above.

The bedrock of the Quadrilatero Ferrifero is entirely
Precambrian. The only younger materials are surficial
deposits and Tertiary fresh-water sediments, which
oceur in two small areas; the Gandarela basin (Oliveira,
1956) and the Fonseca basin, most of which i east of
the Quadrilatero Ferrifero. (See p. J27.)

Granitic rocks of two types occur in the ( 1adrild-
tero Ferrifero: (1) Granodiorite intrusive into the
Nova Lima Group and (2) rocks ranging from granite
through quartz monzonite, generally gneissic in texture,
which are intrusive into the Minas Series. Tn many
places they have altered or replaced parts of the meta-
sedimentary rocks that were amenable to granitization.

Mafic and ultramafic dikes and stocks have intruded
all the metamorphic rocks in the Quadrilatero Ferri-

\ fero except those of the Itacolomi Series. Thee intru-

sives probably ranged from dunite through gabbro and
diabase; they have been altered to serpentine, telc, soap-
stone, and chlorite.
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FIGURE 4.—Summary of stratigraphic nomenclature and divisions proposed for the Precambrian metasedimentary rocks of the Quadrilitero

Quartz, quartz-kyanite, and pegmatite veins are com-
mon throughout the Quadrilatero Ferrifero.

The metamorphic rocks of the Quadrilatero Ferrifero
belong, in general, to the greenschist facies. Locally, con-
tact thermal metamorphism and hydrothermal altera-
tion have produced rocks containing garnet, staurolite,
andalusite, tourmaline, kyanite, and amphiboles. The

Ferrifero.

The rocks of the Quadrilatero Ferrifero are severely
deformed, in a pattern of increasing deformation and

STRUCTURE

grade of metamorphism increases toward the east, to
the amphibolite facies, but this may also r=sult partly
from contact thermal metamorphism.
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metamorphic grade from west to east. The deformation
has resulted in a complex system of crossing folds and
faults, generally isoclinal and overturned toward the
north and west. Some of the folds pass into reverse or
thrust faults. The present outcrop pattern of the Minas
Series shows sinuous synclines arranged in a roughly
polygonal pattern, deeply eroded so that only the
troughs are left, and with parts of the limbs obscured
either by thrusting or by granite intrusion. The Alegria
district is on the central-eastern edge of the polygon.
Severe deformation, lack of exposures in critical areas,
and lack of marker beds in some stratigraphic units
have made deciphering of the structure difficult and sub-
ject to uncertainty.

PRECAMBRIAN METAMORPHIC ROCKS
RIO DAS VELHAS SERIES
NOVA LIMA GROUP

The Nova Lima Group in the Alegria District con-
sists predominantly of metasedimentary and metavol-
canic phyllite and schist, with minor amounts of gray-
wacke, quartzite, dolomite, and iron-formation.

DISTRIBUTION AND TOPOGRAPHIC EXPRESSION

Rocks of the Nova Lima Group crop out in the north-
west corner of the Catas Altas quadrangle and in the
west-central part and northwest and southwest corners
of the Capanema quadrangle. Some rocks of Nova Lima
lithology crop out in the southeastern part of the Santa
Rita Durfio quadrangle and as small lenses in injection
gneiss and within quartzites tentatively correlated with
the Maquiné Group. Because of their small areal extent
they were mapped with the gneiss and the Maquiné
Group.

The northwestern part of the Catas Altas quadrangle
is part of a large area of structurally controlled north-
east-trending valleys and ridges underlain by the Nova
Lima Group. The group also forms part of the foothills
of the Serra do Caraca. The ridges are for the most part
covered with a thick growth of brush and trees and
thick soil, there are few outcrops. In the alluvium-filled
valley bottoms, areas of auriferous gravels were mined
during colonial time.

At the Campo do Rocha, in the west-central part of
the Capanema quadrangle, the Nova Lima Group
underlies a small plain, which is fairly level but deeply
dissected by the Cérrego (brook) Grande and some trib-
utaries. Its meanders and general course indicate that
the C'orrego Grande was little influenced by the lithology
or structure of the Nova Lima Group. Instead, it ap-
pears to have followed meanders which were established
when it was near base level. In the southwest corner of
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the Capanema quadrangle, the Nova Lima forms the
lower part of the long slope from the Serra Geral to the
Rio das Velhas. This slope is deeply incised by obsequent
streams normal to the structural trend.

THICKNESS

The true thickness of the Nova Lima Group cannot
be measured in the Alegria district, or for that matter,
anywhere in the Quadrilatero Ferrifero, because the
base of the group has not been definitely identified. In
the southwest part of the Capanema quadrangle, ¢ thick-
ness of at least 2,500 meters is indicated ; however, here,
and in other areas, isoclinal folding and faulting may
duplicate many beds.

CONTACT RELATIONSHIPS

The nature of the contact between the “true basement
rocks” and the Nova Lima Group is unknown. In the
Alegria district, the Nova Lima Group is in contact with
the overlying Maquiné and Tamandu4 Groups ard with
the Moeda Formation of the Minas Series.

In the southwestern corner of the Capenems. quad-
rangle, the contact of the Nova Lima Group with the
Maquiné Group is apparently concordant.

North of Campo do Rocha (Campanema quad. N.
11,000, E. 3,000), there is an angular discordance be-
tween the attitudes of the Nova Lima Group znd the
Maquiné Group to the east. The quartzose phyllites of
the Nova Lima here strike east-northeast and northeast
and dip 50° SE.; the Maquiné quartzites strike north-
northwest and dip about 40° E. The contact between the
Nova Lima and Maquiné Groups here may be either a
fault or an angular unconformity. The rocks are sheared
and complexly folded; their schistosity and fracture
cleavage have obliterated the bedding in much of the
area (fig. 21). A fault (not mapped) is present along
part of the contact, but relative movement carnot be
determined. Bedding-plane slippage (faulting) is very
common and especially noticeable where adjacent beds
differ in composition or texture.

In the west-central part of the Catas Altas quad-
rangle, the angular unconformity between the Nova
Lima Group and the Maquiné is evinced by the differ-
ence in basic structure, although the contact is not well
exposed (pl. 3). The quartzites of the Maquiné strike
generally northwest and the phyllites and iron-forma-
tions of the Nova Lima strike generally northeast.
About 1 km west of the Catas Altas quadrangle in the
Concei¢do do Rio Acima quadrangle, the contac* is ex-
posed in a roadcut on the road to the Colégio do Caraca.

The Nova Lima is intruded by a diabasic dike-stock
system along the southern and eastern limits of out-
crop in the Catas Altas quadrangle (pl. 3). Thick brush
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and soil and lack of outcrops prevent determining the
exact velationship of these intrusive contacts.

LITHOLOGY

The rocks of the Nova Lima Group almost everywhere
form a surficial layer of light-yellow-buif to brick-red
lateritic soil that blankets a deeply weathered saprolite.
Outerops are commonly found in roadeuts or gulleys
and consist of soft, friable, tan, pink, red, or purple
saprolite phyllites. Graphitic phyllite, quartzites, and
iron-formation crop out in the northwestern corner of
the Catas Altas quadrangle and in the Campo do Rocha
area (Capanema quad.). As few fresh rocks are exposed,
the original composition is not known with certainty.
However, quartz-sericite schist, quartz-chlorite schist,
and chlorite phyllite apparently predominate in the
Alegria district. Nova Lima rocks in other localities
have been identified as metavolcanics (Gair, 1962, p.
4+-9), but lack of fresh outcrops prevents this identifi-
cation in the Alegria district. At least some of the
chlorite phyllite was probably of voleanic origin.

IRON-FORMATION

In the northwestern part of the Catas Altas quad-
rangle, the Nova Lima Group includes a series of thin
lenticular beds of iron-formation, irregularly distrib-
uted along an iron-rich zone about 20 meters wide. The
iron-formations range from a well-banded rock similar
to itabirite to a rock with an indistinct banding of crys-
tallized chert, limonite, and phyllitic material. The
dominant type of rock in the lenses of iron-formation
consists of layers of a mixture of iron oxides and limo-
nite, or limonite alone, interbanded with thicker layers
of quartz. The itabirite consists of layers of friable
magnetite or hematite, and some fine quartz grains,
alternating with thicker layers of fine-grained friable
quartz. Many lenses change within a few meters along
strike to alternating limonite with magnetite and fine-
grained powdery quartz, or to limonite alternately
quartz rich and magnetite rich. The layers range from
1 mm to 1 cm in thickness. The lenses of iron-formation
range from about 10 em to 10 meters in thickness, and
make up about 20 or 30 percent of the iron-rich zone;
the remainder is phyllite and quartzite.

All the outcrops of iron-formation and associated
rocks are deeply weathered, and the lithologies de-
seribed above reflect this. Some, if not all of the iron-
formation was probably in the carbonate facies, as it
is in the western part of the Quadrilatero Ferrifero
(Gair, 1962).

The iron-formation of the Nova Lima Group has no
commercial value in the Catas Altas quadrangle, al-
though it contains a few small deposits of hematite.
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The main interest in this rock is its distinctive lithol-
ogy, which permits the tracing of structural features
that would otherwise be obscured by the regional foli-
ation and schistosity.

MAQUINE GROUP
DISTRIBUTION AND TOPOGRAPHIC EXPRESSION

Rocks of the Maquiné Group crop out in the south-
west, central, and north-central parts of the Capanema
quadrangle (pl. 1), and in the west-central part of the
Catas Altas qnadrangle (pl. 3).

A large area of quartzites and phyllites in the south-
eastern part of the Santa Rita Durdo quadrangle (pl. 2)
was correlated with the Maquiné on the basis of litho-
logic similarity and structural position in a deformed
syncline below the unconformity at the base of the
Minas Series.

In the southwest part of the Capanema quadrangle,
the Maquiné forms most of the crest of the Serra Geral
and the upper more prominent part of the long slope
from the Serra Geral down to the Rio das Velhas. The
rocks here are deeply incised by obsequent sfreams, and
only minor tributaries are consequent to tle structure.
The more resistant, beds in the Maquiné forr: prominent
ridges and hogbacks, many with vertical or overhang-
ing cliffs, and the softer rocks form gentle grassy slopes
(figs. 5, 6).

FiGURE 5.—Rocks of the Maquiné Group along the Serra Geral,
(Capanema quadrangle, looking southeast. The rounded hill at center
left is Serra do Batatal.

THICKNESS

Complex faulting and shearing parallel to bedding
and fold axes (pl. 1) preclude exact determination of
the stratigraphic thickness of the Maquiné Group in
the Capanema quadrangle. The exposed apparent thick-
ness is 2,800 meters; the true stratigraphic thickness
may be in the order of 1,400 meters.
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Cambotas may be in unconformable contact with the
underlying Nova Lima Group in the Catas Altas quad-
rangle, near Cérrego do Tanque Préto, but the nature
of the contact is uncertain. Indications of an extensive
thrust fault around the northern end of the Serra do
Caraca suggest that the contact may be a fault.

The Cambotas Quartzite is in fault contact with the
younger rocks of the Tamandua Group at the type local-
ity (Simmons and Maxwell, 1961). The only locality in
the Alegria district where the younger units are present
is also in a strongly sheared and faulted zone and the
nature of the contact could not be determined. Where
the younger formations are not present, the Cambotas
Quartzite is unconformably overlain by the Minas
Series.

In most individual outerops immediately adjacent to
the contact, the apparent layering of the Cambotas and
the overlying rocks are virtually parallel. This layering
gives an impression of concordance; however, the
Cambotas Quartzite a few meters away from the con-
tact may show widely discordant attitudes. The appar-
ent concordance may be due in part to reworking of
Cambotas sediments during deposition of the Minas
Series, and in part to deformation and shearing along
the contact.

LitHOLOGY

The Cambotas Quartzite has a relatively simple and
consistent lithology in the Alegria district: pebble con-
glomerates, grit, coarse- to fine-grained quartzite, some
of which is crossbedded, and minor quartzose sericite
phylite. Most specimens show considerable shearing.
Thin sections show a range from a strong mortar
texture in the least deformed specimens to a mylonite
in the most deformed; cataclasites and protomylonites
are predominant. The rock is composed of quartz, and
only minor amounts of sericite-muscovite, chlorite,
clinozoisite and kyanite, The kyanite is present only in
zones of intense deformation.

In spite of the cataclastic nature of most of the for-
mation, primary structural features such as stratifica-
tion, crossbedding, and ripple marks are preserved in
many localities (Simmons and Maxwell, 1961, p. 17).

A sequence of rocks overlying the Cambotas Quartzite
and underlying the Minas Series occurs along the south
and east sides of the Serra do Caraca. These rocks were
mapped as Tamandud Group undivided, corresponding
in general to the unnamed younger formations in the
Serra do Tamandui and to parts of the Cambotas
Quartzite. At the type locality (Simmons and Maxwell,
1961), the younger rocks comprise three units (in as-
cending order): phyllitic and quartzitic schist 211
meters thick, phyllitic and dolomitic itabirite 41 meters
thick, and phyllitic schist 34 meters thick. In the Alegria
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district, these rocks consist predominantly of quartz-
chlorite schist and minor amounts of limonitic quartz-
chlorite schist and quartzose phyllite in the few expo-
sures where they could be seen. Most of the area under-
lain by these rocks is covered by thick soil and forest or
by canga. These younger rocks are absent in much of the
Alegria district and the Cambotas Quartzite is overlain
by Minas Series rocks.

CORRELATION

Three tenable correlations for the Tamandui Group
are: An upper group of the Rio das Velhas Series, a
separate Tamandud Series, or a lower group of the
Minas Series. These rocks were designated by Simmons
and Maxwell (1961) as-the Tamandué Group of the Rio
das Velhas Series; this report follows that designation.
Others consider the group to be a part of the Minas
Series (Dorr, 1969), or of the Itacolomi Series (Hirson,
1967).

The discordance measurable in individual outcrop
areas is apparently greater between the older groups of
the Rio das Velhas series and the Cambotas ( nartzite
than it is between the Cambotas and the Minas Series.
The regional outcrop pattern, however, shows that the
greatest and most abrupt variations are in older forma-
tions below the Minas Series. The Minas Series through-
out the Quadrilatero Ferrifero is a widespread sequence
of rocks relatively consistent in both thickness and
lithology ; the Moeda and Batatal Formations and the
Itabira Group have only minor lithologic variations
wherever they occur. The rocks underlying the Minas
Series vary greatly from one locality to another, and
include metavolcanics, schist, phyllite, iron-formation,
graywacke, quartzite, gneiss, and migmatite. In rela-
tively short distances, the Minas Series overlie~ succes-
sively the Nova Lima Group, the Maquiné Group, and
the Tamandud Group.

Wherever it occurs in the Quadrilatero Ferrifero, the
Tamandud Group is present on only one side of
synclines in Minas Series rocks, never on the opposite
side.

Outcrops are distinctive in appearance, lithology,
and distribution ; they are widely separated and occur
in the Serras das Cambotas and do Tamandud in the
northeastern part of the Quadrilatero Ferrifero, in the
Serra do Caraca in the east-central part, and in the
Serra do Ouro Branco in the south-central part. They
are composed almost entirely of the Cambotas Quartz-
ite, the nonresistant upper unnamed formation is only
locally present. In all three areas the Cambotas Quartz-
ite forms large spectacular mountains, composed of
medium- and coarse-grained remarkably clean quartzite .
with some grit and conglomerate; all areas have fairly
large zones of cataclasite; all have torrential and festoon
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crossbedding and very long foreset beds at shallow an-
gles; all have complex plastic folding and complex
gystems of joints and fractures; all are intruded by
prominent diabasic dikes; and all have conglomerates
containing angular to rounded fragments of iron-forma-
tion, quartzite, and vein quartz. Some of these charac-
teristics are displayed by the basal Minas rocks but are
anomalous Jocal features. Many faults, shear zones, dia-
basic dikes, and folds terminate at the contact with the
overlying Minas Series, and most outcrops show a much
higher degree of deformation in the Cambotas Quartz-
ite than in the overlying Moeda quartzite.

The Moeda quartzite thins and changes toward a seri-
cite schist in proximity to the Cambotas Quartzite, or
wedges out completely; the argillites of the Batatal
Formation become thinner and more silty or quartzose
near the Cambotas.

Several theories of origin and environments of dep-
osition of the Tamandud Group are compatible with
available field data. The writer believes that the rocks
are erosional remnants of a once-widespread sequence
of quartzite, schist, phyllite, and iron-formation, now
partially preserved in synclines that predate deposition
of the Minas Series. According to two other theories, the
group originated as (1) an elongate wedge or series of
wedges of coarse clastic sediments that. were deposited
at the edge of tectonically uplifted and faulted granitic
rocks and later subsided and were reworked or eroded,
after which the Minas Series was deposited, (2) littoral
or offshore bars in association with deltaic material built
up to the requisite thickness before deposition of the
Minas Series in the same basin (Dorr, 1969, p. A33). The
very clean nature of the thick quartzite sequence restricts
many other possibilities.

Whatever origin is ascribed to the Tamandua Group,
it must have been subjected to deformation and erosion
prior to the deposition of the Minas Series. The thinning
of the Moeda Formation and the more clastic nature of
the Batatal Formation near the outerops of Cambotas
Quartzite indicate that the Cambotas occupied an ero-
sional high during deposition of the Minas Series.

For the reasons outlined in the foregoing paragraphs,
Simmons and Maxwell (1961) considered the Tamandué
Group to be significantly older than the Minas Series
and placed it in the Rio das Velhas Series. The writer
has followed that designation here but tends to favor
the hypothesis of a separate series separated from both
the Rio das Velhas Series and the Minas Series by un-
conformities that represent periods of deformation and
erosion. Future detailed mapping in the region north
of the Quadrilatero Ferrifero, where these rocks are
prominent but little known, may clarify the strati-
graphic relationships of the units.

OF PARTS OF MINAS GERAIS, BRAZIL

MINAS SERIES

Derby (1906, p. 396) described the Minas Series as in-
cluding all the metamorphic rocks above the “gneiss and
schist basement.” Harder and Chamberlin (1915, p. 345)
established the basis for the present usage when they
divided the Minas Series into five units : Caraca Quartz-
ite, Batatal Schist, Itabira iron-formation, Piracicaba
Schist and Quartzite, and Itacolomi Quartzite. Guima-
raes (1931, p. 8) defined the Itacolomi, and on the basis
of an unconformity gave it series rank. Moraes Rego
(1933, p. 12) divided the Minas Series into three groups,
Caraga, Itabira, and Ribeirdo do Carmo. Lacourt (1936)
used the terms lower, middle, and upper groups but in-
cluded pre-Minas rocks in his lower group. Oliveira
(1956) restricted the Minas Series to rocks above a re-
gional unconformity described by Rynearsor. Pomerene,
and Dorr in 1954, Later workers used the designation
lower, middle, and upper groups, but with restricted
boundaries for the series (Dorr, Horen, snd Coelho,
1956, p. 286; Guild, 1957, p. 8). Dorr and colleagues
(1957, p. 13) reestablished the group names Caraca and
Itabira, and renamed the upper group the Piracicaba
Group, after the Piracicaba Schist of THarder and
Chamberlin (1915).

CARACA GROUP

The basal Minas quartzite was first named the Caraca
Quartzite by Harder and Chamberlin (1515, p. 357).
This was later elevated to group status by Moraes Rego
(1933, p. 13) ; howewer, the bulk of both these units com-
prised rocks older than the Minas Series. Guild (1957,
p- 8) called the basal clastic sequence (now the Moeda
and Batatal Formations) of the Minas Series the lower
group. Dorr, Gair, Pomerene, and Rynearson (1957, p.
24), unaware of Moraes Rego’s previous usage, re-
established the name Caraca Group to include the
Batatal Schist (Harder and Chamberlin, 1915, p. 356)
as well as the basal Minas quartzite. Becanse of some
doubt as to the age of the main body of the quartzite in
the Serra do Caraca, Dorr and colleagues described the
Caraca Group as it appears in the Serra do Moeda. The
basal Minas quartzite was named the Moeda Formation
(Wallace, 1958, p. 59), with the type section in the
Serra do Moeda in the western part of the Quadrilatero
Ferrifero, but was correlated with the “Caraca Quartz-
ite” of Harder and Chamberlin, which was later found
to be an older unit unconformably overlain by the Moeda
Formation. The Batatal Schist was redescribed and
named the Batatal Formation (Maxwell, 1958, p. 60).

MOEDA FORMATION

DISTRIBUTION AND TOPOGRAPHIC EXPRESSION

The Moeda Formation in the western part of the

Alegria district is extremely variable in lithology and
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thickness, and its exact contacts are difficult to locate.
It is present, however, along both sides of the Serra
do Ouro Fino syncline on the western border of the
Capanema quadrangle, and in an intermittent layer in
the valleys between the Serra do Caraca and the ridges
of Minas iron-formations, beginning at Serra do Bata-
tal in the Capanema quadrangle and continuing through
the northern part of the Santa Rita Durfo quadrangle
and into the Catas Altas quadrangle.

The Moeda Formation forms prominent outcrops and
cliffs around most of the Ouro Fino syncline and a
conspicuous hogback along the eastern edge of the
Serra do Caraca, in the Catas Altas quadrangle. In the
rest of the district, however, the formation is thin and
inconspicuous, and crops out only in a few localities.

THICKNEsSS AND CONTACT RELATIONSHIPS

The Moeda Formation ranges in maximum thickness
from about 300 meters in the eastern part of the Alegria
district to about 200 meters in the western part. In most
of the central part of the district the thickness ranges
from 0 to 20 meters.

Lithologic similarities between the Cambotas Quartz-
ite and the Moeda Formation and the relative homo-
geneity of both mask any discordance and, locally, even
make it difficult to find the contact between the two.
However, when one or the other is traced out, an angular
discordance becomes evident. The upper member of the
Tamandua Group, stratigraphically between the Cam-
botas and the Moeda, is absent in some areas and has
an apparent thickness of several hundred meters in
other areas. The Moeda Formation is not underlain
everywhere by Cambotas Quartzite. For instance, along
the eastern edge of the Serra do Caraga a syncline of
Minas Series rocks is bordered on one side by a tremen-
dous thickness of Cambotas Quartzite, whereas none is
present on the opposite side of the syncline.

The Moeda Formation thins radically and becomes
more sericitic and generally somewhat finer grained
where it directly overlies the Cambotas Quartzite or the
upper Tamandud rocks. The Moeda is thicker and
coarser where it is underlain by pre-Tamandui rocks.

The upper contact with the Batatal Formation is
gradational. In many places a fine-grained quartzite or
quartzose phyllite at the top of the Moeda Formation
contains a layer 5-10 cm thick which is composed of
fragments and small chips of black fissile argillite ar-
ranged either in random orientation or shingled up in
rows and enclosed in matrix of the underlying rock.
There is commonly a thin transition zone between the
two formations.

LitrHOLOGY

The Moeda Formation in the Alegria district is com-
posed largely of a clean white fine-grained quartzite and
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minor amounts of sericite phyllite. Locally it contains
a thin basal conglomerate.

In the Catas Altas quadrangle east of the Serra do
Caraca, the base of the Moeda Formation is composed
of lenticular beds of coarse grit or conglomerate rang-
ing from a few centimeters to 1 meter or more in thick-
ness. In several localities graded bedding is visible
within the 1-meter unit, in many combinations of coarse
to fine pebbles, coarse to fine grit, coarse to redium
sand.

Discontinuous lenses of cobble and pebble conglom-
erate composed of quartzite or vein quartz, are exposed
in the Catas Altas quadrangle (N. 1,200, E. 9,400, and
N. 12,000, E. 5,400).

In the western part of the district many thick beds
of coarse quartzite are composed of well-rounded quartz
grains (median diameter 1.7 mm) enclosed in a matrix
of fine-grained quartz and sericite. The quartz in the
matrix ranges in diameter from 0.1 to 0.2 mm. The
sericite has an average thickness of about 0.01 mm and
an average diameter of 0.1 mm. The coarse quartzites
are lenticular and variable in size, and are generally
enclosed in fine-grained sugary quartzite, which con-
tains thin sporadic lenses of green quartzose sericite
schist or phyllite. The fine-grained quartzite is equi-
granular. The quartz is strained and has sutured bound-
aries. The sericite, only a small percentage of th rock,
is randomly dispersed and oriented in the matrix;
grains are generally about 0.005 mm thick and 0.02 mm
in diameter. Where the fine-grained quartzite i~ phyl-
litic and sericitic, the sericite is concentrated in thin ir-
regular bands and occurs in larger crystals, abcut 0.01
mm thick and 0.04 mm in diameter. The sericite schist
has thin irregular bands of very fine quartz in a matrix
of sericite and chlorite.

Most thin sections show a cataclastic texture. The
larger grains show undulatory extinction and many are
surrounded by borders of finely crushed quartz, some
of which are recrystallized to a homogenous rim. Some
have overgrowths of clear quartz. The sericite grains
are generally oriented parallel to bedding planes but
wrap around the larger quartz grains or around lenses
of the quartzite in a reticulate pattern.

Kyanite occurs as sparsely disseminated minute
grains in the cataclastic quartzite and in consvicuous
zones associated with shearing and faulting in the
western part of the Capanema quadrangle. These zones
may be several meters wide and several tens of meters
long. The kyanite occurs in aggregates of gray or color-
less crystals, each 1-8 mm wide and 5-15 mm long,
randomly oriented in a matrix of very fine grained
cataclastic quartz, or rarely in long bluish-green crystals
as much as 1 cm wide, 1 mm thick, and 6 cm long.
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In some localities (as at Capanema quad., N. 8,200,
E. 1,300), the kyanite occurs as acicular crystals in an
overlapping tangle of unoriented sheaf-shaped aggre-
gates, apparently pseudomorphous after sillimanite. As
much as 50 percent of the sheaves may consist of quartz
inclusions and intergrowths. Some of the inclusions are
severely strained quartz grains with a rim of finely
crushed quartz; others are fine grained and have a
mosaic texture with deeply sutured boundaries; others
are colorless quartz with parallel extinction over large
areas. Pyrophyllite replaces in varying amounts some
of the kyanite, around the edges of grains and along
cleavages in aggregates of very small flakes (Herz and
Dutra, 1964).

An emerald-green mica, probably a variety of fuch-
site, is common in exposures of the Moeda Formation
east of the Serra do Caraca, mostly in coarse quartzite
or conglomerate near the contact with the granitic rocks.
Tourmaline is common in the same area, generally in
zones parallel to the contact. It occurs as slender yellow
and colorless needles from a few hundredths to a few
tenths of a millimeter in diameter and as much as 2
mm long, disseminated through the quartzite. Several
concentrations of larger crystals were found. In the
Catas Altas quadrangle at (N. 2,600, E. 8,260), very
dark green to black tourmaline crystals as much as 3 cm
long and 5 mm in diameter occur in sericite-rich, very
fine grained cataclasite.

BATATAL FORMATION
DistrBUTION AND TOPOGRAPHIC EXPRESSION

The Batatal Formation crops out in few localities in
the Alegria district. It is mapped in the intervening
space between outcrops of Moeda Formation and the
overlying iron-formation. It occurs on both sides of the
Ouro Fino syncline in the western part of the Capanema
quadrangle (pl. 1). The type locality of the Batatal
Formation is in the area of the headwaters of the Rio
Piracicaba, east of the Serra do Batatal and near the
center of the Capanema quadrangle (Harder and Cham-
berlin, 1915 ; Maxwell, 1958).

The formation crops out from Serra do Batatal down
the valley of the Rio Piracicaba, bends north along the
valley of the Cérrego do Palmital, then east along the
Cérrego das Almas. It skirts the base of the Serra do
Caraca and is faulted out near Agua Quente in the
southern part of the Catas Altas quadrangle. On the
east limb of the Santa Rita syncline the Batatal Forma-
tion extends south from Quebra Osso to within 2 km of
Bento Rodrigues (pls. 2, 3).

The Batatal Formation is soft and easily weathered
and forms valleys and saddles between the more resist-
ant quartzite and iron-formation on either side. It
generally forms deep soil with few outcrops but is rela-
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tively easy to trace because it normally supports only
grass and low brush.

THaICKNESS AND CONTACT RELATIONSHI™S

The Batatal Formation is variable in apparent thick-
ness in the Alegria district, but much of the variation
is probably due to faulting. The argillaceons and gra-
phitic nature of the formation would provide excellent
Iubricated gliding surfaces for the faults. The thickest
section is in the type area, about 30 meters, where it is
apparently near the true thickness of the unit (Maxwell,
1958). It thins rapidly to the east to a thiclkness of less
than 1 meter.

Both lower and upper contacts of the Batatal Forma-
tions are conformable and gradational. The contact be-
tween the Batatal and the overlying iron-formation is
gradational through a thickness ranging from 1 to 4
meters. The contact with the underlying Moeda is gra-
dational over a thickness of a few centimeters.

The upper contact is arbitrarily chosen in the gra-
dational zone between a banded phyllite-quartz-hema-
tite rock and a banded hematite-quartz rock.

LitaoLocy

The Batatal Formation is a homogenous dark-gray
fissile graphitic argillite throughout most of the Alegria
district. At the base, beds a few centimeters thick are
commonly arenaceous, but may constitute half the thick-
ness of the unit where it is thinnest. In several localities
the Batatal is characterized by the preserce of small
lenticular concretionlike bodies which weather out and
form a layer on the surface of the soil. They appear to
have been pyrite crystals or clusters that were deformed
and altered to iron oxides. Toward the top of the for-
mation, recrystallized chert beds, ferruginous chert, and
iron-formation interbedded with the argillite become
increasingly abundant.

ITABIRA GROUP

The Minas iron-formation was first separated from
the rest of the Minas Series and named the Ttabira iron-
formation by Harder and Chamberlin (1615, p. 359).
The type area was near Pico de Itabira, near the town of
Ttabirito (formerly Itabira do Campo). Moraes Rego
(1933, p. 16) gave these rocks group status but did not
name any formations.

Dorr and colleaues (1957, p. 26), unaware of Moraes
Rego’s use of the term Itabira Group, renamed the sec-
tion of dominantly chemical sediments in the middle
zone of the Minas Series the Ttabira Group, in order to
preserve Harder and Chamberlin’s widely known and
used name for much of this part of the Minas Series.
Dorr (1958, p. 61-63) then divided the Itabira Group
into two formations, the Caué Itabirite and the Gan-
darela Formation.
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stratigraphically below the contact between the Itabira
Group and the Cercadinho Formation. Several small
lenticular zones in the rock contain scattered pebbles of
quartz, itabirite, and phyllite, or small randomly ori-
ented fragments of itabirite and phyllite. The lenticular
zones are concordant with the bedding of the under-
lying and overlying rocks. Thin sections show that the
rock is composed of corroded angular grains and pris-
matic and curved slivers of quartz and scattered grains
or crystals of specularite, magnetite, and numerous un-
identified minerals of very high relief (index of refrac-
tion more than 1.78) in a matrix of very finely dis-
seminated iron oxide in clay. The quartz grains range
from 0.001 to 1.5 mm in diameter. Most of the minerals
of high relief are about 0.001-0.01 mm in diameter ; some
are equidimensional and some rod shaped.

These rocks are so deeply weathered that identifica-
tion of the original rock type is very difficult. The gross
appearance of the rocks, their occurrence at approxi-
mately the same stratigraphic position throughout the
Quadrilétero Ferrifero, and the numerous minerals of
high relief suggest to the writer that they are water-laid
tuffs deposited within the Itabira Group, rather than
mudflows or residual weathering products. Samples of
residual soils, weathered dolomite and itabirite, and
many other rocks were examined for similar quartz
grains and minerals of high relief; none were found.
Dorr (1969, p. 69) reports that analyses of similar
material from other areas show an abnormally high con-
tent of TiO,, locally more than 5 percent, which also
suggests a volcanic source.

PIRACICABA GROUP

The group of rocks, predominantly clastic, which
overlie the Ttabira Group were first differentiated and
named the Piracicaba Schist and Quartzite by Harder
and Chamberlin (1915, p. 362). The type area was in
the northern part of the Santa Rita Durio quadrangle,
along the Rio Piracicaba between Santa Rita Durdio and
Fazenda Alegria. Moraes Rego (1933) named the same
sequence the Ribeirao do Carmo Group, with the type
area near OQuro Preto, but did not subdivide it. Lacourt
(1936, p. 19) and Guild (1957, p. 18) designated the
sequence as the Upper Group. Dorr, Gair, Pomerene,
and Rynearson (1957, p. 28) elevated the rocks of
Harder and Chamberlin’s Piracicaba Schist and Quartz-
ite to group status in order to set off the predominantly
clastic upper sequence of the Minas Series from the
predominantly chemical middle sequence. It was then
known that the clastic upper sequence could be sub-
divided in most of the Quadrilitero Ferrifero into five
units, from the youngest to oldest: Sabard Formation,
Barreiro Formation, Tabobes Quartzite, Fécho do Funil
Formation, and Cercadinho Formation. All but the
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Tabodes Quartzite have been identified in the Alegria
district.
CERCADINHO FORMATION

The Cercadinho Formation (Pomerene, 1958, p. 64)
crops out on the western limb of the Santa Rita syncline,
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